Locke's solution minus dextrose served as the basic medium. The electrolytic balance of Locke's solution is ideal for preserving the rhythmical pulsations of 72 hour chick hearts (1). Fletcher and Waters (2) report that mammalian heart muscle does not utilize dextrose when perfused with an artificial medium. The solution was prepared in triple distilled water, which had previously been boiled to remove excess carbon dioxide gas, and placed in a paraffin-lined bottle to prevent the silica of the glass from entering the solution.
In two experiments, the amount of/-tyrosine sufficient to make a 5/100 solution was dissolved in 1 cc. of a N/1 HC1. Next, 8 cc. of a Locke's solution were added, and the solution finally brought to the original pH by the addition of 1 cc. of a N/1 NaOH. The ~/1,000, M/10,000, and M/50,000 dilutions of/-tyrosine were then prepared from the standard ~/100 solution. In the remaining experiments, sufficient /-tyrosine,/-phenylalanine, or/-epinephrine was dissolved in 100 cc. of Locke's solution to make the proper concentration. This latter method avoided even the slightest disturbance in the pH or osmotic pressure. In all cases the constituents ~ were weighed to the tenth part of a milligram on a high sensitivity analytical balance.
The blastoderm was excised, care being taken not to touch the heart or adjacent structures, and placed in 10 cc. of freshly prepared Locke's solution. The heart was then oriented under a dissecting microscope. The ectoderm was carefully removed from around the heart with an iridectomy knife. By means of a quick incision the sinus venosus was cut from the ducts of Cuvier, care being taken not to injure the sinoatrial node. The bulbus conus arteriosus was likewise divided from the aorta. The heart was then transferred to a large Petri dish containing 20 cc. of a freshly prepared Locke's solution by means of a wide mouth pipette. All experiments were conducted at 26°C.
The pulsation rate was taken soon after the heart was placed in the Locke's solution. Additional counts were taken every 15 minutes to a half hour until the last two rates agreed with each other within a variation of five pulsations per minute. As a rule, the faster beating hearts were transferred to the control dishes which contained 5 cc. of the normal Locke's solution, and slower hearts transferred to similar dishes containing the same amount of experimental solution in order that the increase in pulsation rate would exceed the refractory phase.
Pulsation rates were recorded for all hearts at half hour intervals. All experiments were concluded when experimental hearts had passed from irregular rhythm to partial or complete heart block rhythm.
The result of each experiment was plotted. At the conclusion of the study, all data were statistically combined by the method of graphic addition, and a single composite graph was made for each compound and concentration studied. Thirtyeight experimental 72 hour hearts and ten 72 hour control hearts were fixed in absolute alcohol, embedded in paraffin, sectioned, and stained for glycogen by the method of Best (3).
Amino acids were 99.8 per cent pure and were obtained from La Roche. Crystalline epinephrine was obtained from Armour and Co.
EXPERIMENTAL OBSERVATIONS

Control Hearts
All individual curves show the same general form (Fig. 1) . The composite rate curve statistically derived from the experimental data of fourteen control hearts revealed two peaks, the first of which occurred within 15 minutes after transfer from the original Locke's solution in which hearts remained until they assumed a regular pulsation rate, and a second peak which attained its greatest magnitude within 1 hour and 50 minutes after transfer to experimental Control hearts did not assume a heart block rhythm but constantly pulsated at a normal rhythm with each auricular contraction followed by a contraction of the ventricle.
The curves derived from the data of thirty-four experimental 72 hour chick hearts studied in ~t/1,000, 5/10,000, and 5/50,000 l-tyrosine showed the same fundamental features of the composite control curve with the following modifications ( Fig. 1) :--1. There is an abrupt increase in pulsation rate in •/1000, ~/10,000, and ~/50,000/-tyrosine, attaining a higher level than that Seen in the composite control curve. The rate of pulsation was highest in 5/10,000 and r~/50,O00 /-tyrosine.
2. In controls the succeeding decrease in pulsation rate is negligible. In the case of experimental solutions the following decrease in rate is more rapid. In 5/1000 l-tyrosine it is more rapid than in ~t/10,000 and M/50,000 l-tyrosine. However, the greatest fall in rate occurred in 5/50,000 solution.
3. The second period of increased pulsation rate in the experimental curve is relatively higher than that seen in the control curve. The pulsation rate is highest in x~/10,000 and 5/50,000 l-tyrosine, while with ra/1000 l-tyrosine the highest pulsation rate is slightly above that seen soon after transfer to ltyrosine solutions.
In all cases this highest pulsation rate is delayed in comparison with the controls, appearing earliest in ~t/1000 /-tyrosine and latest in ~/50,000 ltyrosine.
4. The degree of pulsation depression decreases with increasing concentration of/-tyrosine. In all cases the depression of rate is greater than that of controls.
5. Recovery from the previous depression is more rapid with decreasing concentration of/-tyrosine.
6. Irregularity of rhythm appears first in experimental conditions. Irregularity is seen at lowest depression in the case of ~/1000/-tyrosine and during beginning depression in ~t/50,000/-tyrosine, while irregularity is seen during recovery in ~t/10,000/-tyrosine.
7. Irregularity is soon replaced by partial or complete heart block rhythm in 75 per cent of experimental hearts. In the case of ~/50,000 l-tyrosine, heart block rhythm is established during depression while in the case of ~/1000 and ~r/10,000/-tyrosine heart block rhythm is established during recovery from the previous depression. The usual rhythm observed is 2 to 1, but 3 to 2, and 10 to 1 rhythm have been occasionally observed.
8. In all cases the terminal pulsation rates of experimental hearts are relativdy higher than the terminal pulsation rates of control hearts.
When placed in fresh Locke's solution, only 20 per cent of 72 hour experimental hearts show recovery of rate and rhythm.
Four 64 hour embryo chick hearts were only slightly susceptible to the effects of 1-tyrosine. These showed immediate depression in 5/1,000 l-tyrosine solution, and only the slightest increase in pulsation rate. There was, however, some stimulation followed by a greater depression and irregular rhythm in 5/10,000/-tyrosine, but in no case did the effect compare with that of 72 hour embryo chick hearts in l-tyrosine solution. /-Tyrosine exerted its greatest effect on 96 hour embryo chick hearts. Four 96 hour hearts placed in ~/1,000 solutions showed an immediate and sustained increase of pulsation rate. Pulsation irregularity sets in at peak stimulation and was immediately followed by partial heart block rhythm. 
HOUR INTERVALS
FIG. 2
On the other hand 5/10,000 l-tyrosine produced depression of pulsation rate after peak stimulation followed by a gradual recovery, pulsation irregularity, and partial heart block rhythm, or else complete cessation of beat. All hearts showed complete recovery of rhythm and pulsation rate when placed back into the normal Locke's solution.
It was found that/-epinephrine had no consistent effect, especially in concentrations below 5/10,000. Ten hearts were observed in 1-epinephrine.
Some experimental hearts did show an immediate stimulation occurring within 15 minutes after transfer to the experimental solution. This was followed by depression and the appearance of partial heart block rhythm. A second stimulation peak was observed only in 5/100,000 /-epinephrine, but in this case there was also irregularity of rhythm. It is to be emphasized that any results with/-epinephrine are to be cautiously evaluated since the compound is rapidly oxidized in aqueous solution.
Effects of Phenylalanine
The curves derived from the data of ten experimental 72 hour chick hearts studied in M/1000 and ~/10,000 l-phenylalanine show the same fundamental features of the control curve with the following modifications ( Fig. 2) :--1. There is a gradual and prolonged depression of pulsation rate immediately upon transfer to M/1000 and M/10,000/-phenylalanine. Depression is greater in M/10,000 l-phenylalanine.
2. Highest pulsation rate in M/1000 l-phenylalanine is greatly delayed in relation to the control curve, but eventually it attains a magnitude equal to that seen in ~/50,000 l-tyrosine. The highest stimulation in ~/10,000 is delayed beyond that of ~/1000 and is of lesser magnitude.
3. The following depression of rate is most severe and rapid in M/1000. This is followed by an increasing pulsation rate which attains a level equal to the previous peak value. 4 . In the case of ~/1000 l-phenylalanine the first increase in pulsation rate is accompanied by the appearance of persisting irregularity. In ~/10,000 l-phenyl-alani~ irregularity appears at the peak pulsation rate.
DISCUSSION
The first peak in the composite control curve is apparently the result of mechanical stimulation since this does not occur if hearts are not transferred. If this peak be graphically eliminated by the string method, it will be seen that the pulsation rate gradually increases from the beginning; at 45 minutes the increase in rate becomes more rapid, and the rate attains its greatest magnitude in I hour and 45 minutes. This latter, sudden increase in rate is not surprising since the nodal tissues are markedly sensitive to CO2, which causes an increased rate of impulse initiation at the sino-atrial node and increased conduction over the arterio-ventricular bundle in fully developed hearts. The rapid fall of pulsation rate below the base line may be attributed to the overwhelming effects of COs and other metabolites which cause slowing of the heart and increased tone of the cardio-inhibitor center of hearts subject to nervous control. Beyond the 3 hour interval, individual control pulsation curves show steadily increasing depression.
There is evidence of irregularity in 35 per cent of control hearts. This may be attributed to the accumulation of carbon dioxide, since it was noted that a fall in pH to a level of 7 of Locke's solution causes extra systoles, heart block, other irregularities, followed by a cessation of impulse initiation and conduction in 72 hour embryo chick hearts.
Hearts placed in l-tyrosine show an initial stimulation followed by a de-pression. With ~/1000/-tyrosine the depression predominates whereas with ~/10,000 and ~/50,000/-tyrosine stimulation was more evident. Stimulation was manifest as an increase in rate and conduction and depression as a decrease in rate and conduction. The period of irregularity appears to approach the peak stimulation as the concentration of/-tyrosine is decreased. Irregularity of rhythm and associated heart block rhythms appear to be true conduction effects and result from the direct injury suffered by the nodal tissue while acceleration of pulsation, due to increased impulse initiation is apparently the result of a direct effect on the nodal tissues. These effects closely resemble the effects of /-epinephrine on the intact mammalian heart (Sollmann, 4) .
The results of experiments with 62 hour, 72 hour, and 96 hour chick hearts indicate that the degree of sensitivity to/-tyrosine parallels differentiation of the tissue.
Adrenalin is first detected, by present available methods, on the 8th day of embryonic development (5). 5-day embryo chick hearts have been shown to be sensitive to epinephrine (6) . We have found that 72 hour chick hearts give varied responses to 1 part in 10 thousand, and 1 part in 50,000 crystalline /-epinephrine.
/-Phenylalanine produces an initial depression; later it has effects similar to those of l-tyrosine. ~/10,000 l-phenylalanine is toxic and causes a steadily increasing depression immediately after transfer followed by the typical /-tyrosine effect, which in the case of ~¢/1000 attains a level twice as high as that observed with M/10,000 /-phenylalanine. The period of irregularity differs from that produced by/-tyrosine. In this case irregularity is seen at lowest depression and not peak stimulation. There is no recovery of hearts when placed in fresh Locke's solution such as occurred after tyrosine. Instead hearts go into partial or complete heart block.
l-Phenylalanine is an indispensable amino acid (7), and may serve as the immediate precursor of l-tyrosine, which in turn is readily converted to lepinephrine, as has been shown in kidney slices (8) . The initial depression possibly represents immediate toxicity and lag before the compound is converted to/-tyrosine. The initial toxicity may also be due to the conversion of part of the l-phenylalanine into /-phenyl pyruvic acid (9), which is not easily oxidized by tissues. In this case the stimulation level would be lower than that seen with the same concentration of/-tyrosine because of the presence of an inhibiting compound or initial injury suffered by the myocardial syncytium. The embryo chick heart first begins to pulsate rhythmically after 36 hours. Ganglion cells cannot be demonstrated as such until 148 hours. The sympathetic nervous system does not appear until after 120 hours. This indicates that the peculiar qualities of rhythmicity and contractility are inherent and myogenic. If one attempts to go a step further, he may deduce that other inherent qualities and potencies are likewise dependent upon non-nervous factors--probably chemical in nature. It is well established that the mineral constituents of the blood such as Ca, K, Na, 0~, and C02 tensions, lactic acid, and/-epinephrine exert important influences on the heart, either directly or indirectly by their actions upon the hypothetical substance of Langely. According to Cruickshank and McClure (10), the amino acids are very sparingly utilized as a source of energy. The combustion of fat serves as the greatest energy source. The amino acids, however, have been reputed to be of greater significance in cardiac metabolism since they exert their effects through certain intermediaries and metabolites such as tyramine and epinephrine and so condition the inherent qualities of heart muscle. This of course is opposed to the belief that /-epinephrine is a metaboIic waste. Mitchell and Hamilton (11) report the presence of 4 per cent l-tyrosine and 5.1 per cent l-phenylalanine in egg albumin. Since l-phenylalanine is considered the immediate precursor of l-tyrosine, the initial concentration of l-phenylalanine was probably higher Galvialo (12) reports the existence of a protease, amylase, and lipase in the 24 hour chick embryo, while the presence of a tyrosinase, and catalase, have been reported in the yolk of Koga (13) . This indicates that the facilities for the conversion of l-phenylalanine or t-tyrosine into/-epinephrine and tyramine are present before any recognizable rudiment of the adrenal glands appear and before/-epinephrine can be pharmacologically detected. Possibly l-tyrosine or l-phenylalanine is concerned with the initiation and preservation of rhythmicity in the heart. Thanks are extended to Drs. Stanley P. Reimann and J. Earl Thomas for their assistance during the course of this work and preparation of the manuscript. SU ~RY 1. 72 hour isolated chick hearts show an increase in pulsation rate when placed in ~s/1000, x~/10,000, and ~s/50,000 l-tyrosine solutions. The optimal effect is seen in x~/10,000 and M/50,000 l-tyroslne.
2. All hearts show disturbance of rhythm either in the form of irregular rhythm or heart block.
3. 62 hour isolated chick hearts are not susceptible to l-tyrosine while 96 hour hearts are markedly sensitive.
4. 72 hour isolated chick hearts placed in 1 part in 10,000 and 1 part in 50,000 /-epinephrine show approximately the same effects as were seen with l-tyrosine.
5. 72 hour isolated chick hearts placed in M/1000 and M/10,000 l-phenylalanine show an initial depression followed by an l-tyrosine effect.
